In a longevity study on 320 male and 320 female specified-pathogen-free Han: Wistar rats, 1 19 (39.0%) of 305 females evaluated developed spontaneous metastatic uterine adenocarcinomas. These tumors caused a great difference between the mortality rates of males and females.
Materials and Methods
Animals used were 320 virgin female Han:Wistar outbred rats (four age groups of 80 rats each) from a specified-pathogen-free colony started in our institute more than 10 years ago with cesarian-derived rats and bred by rigorous outbreeding. Littermates were kept in barriertype quarters at 22 f 1°C temperature, 55% f 5% relative humidity, 15 mm hyperbaric air pressure in relation to external pressure, and a sequence of 12 hours light:12 hours dark from weaning until their natural death. The rats were maintained in groups of five, from five different litters, in macrolon cages type No. IV on autoclaved softwood granules, which were changed once a week. All rats were fed an autoclaved commercial cereal-based diet ad libitum, supplemented with vitamins and minerals and with metabolizable energy contents of 2.450 cal/g, 17.7% crude protein, 4.2% crude fat, and 6.8% crude fiber. Acidified (pH 2.5) and pasteurized tap water was always available. All rats were examined twice daily. Diseased and dead animals were dissected. Almost all organs and all lesions were prepared for histological diagnosis.
Of the 320 rats, 305 were examined histologically. Fifteen rats were rejected because of autolysis and cannibalism. Figure 1 shows the mortality of 320 virgin female rats from weaning until their natural death, and the number of uterine adenocarcinomas in these rats. Altogether, 119 rats (39.0%) developed this tumor in various forms of differentiation.
Results
Typical clinical signs were seen only in the final stage of the disease: in addition to apathy, mild anemia, a ruffled hair coat, and a hunched back, the rats showed an enlarged abdomen filled with nodular masses palpable between the organs.
Necropsy showed that the tumors arose as small nodular processes in one or both of the uterine horns or in the region of the bifurcation ( fig. 2a ), starting with nodular hyperplasia in the endometrium ( fig. 2b ). In the advanced stage, the tumors extended through the wall of the uterus, causing widespread transcoelomic metastases, so that in the final stage, knotty masses filled out the whole abdominal cavity ( fig. 2c ). During the advanced and final stages, metastases were common in the lungs ( fig.  2 4 , and some were seen in the heart and other organs. As shown in table I, 69 of the tumors (58.0%) developed widespread intracoelomic growth after extension through the uterus wall, 41 with metastases in the lungs. In 50 rats (42.0%), the tumors were confined to the uterus. Only three tumors developed metastases in the lungs. Intracoelomic growth was seen more often in the younger than in the older rats. A significant difference between numbers of tumors at the same stage for rats in the second and in the fourth years of life was evaluated by the chi-square test.
Uterine adenocarcinomas often were accompanied by different degrees of endometritis or pyometra. Hence, in their initial stages, the tumors often were masked macroscopically by pus that filled the distended uterus. Bacteriological examination showed multiple infections by ubiquitous organisms like Escherichia coli, Staphylococcus, Proteus species and in several rats, pure cultures of Escherichia coli 07:Kl:H7, a prevalent pathogenic bacterium in our colonies of rats and mice.
Histologically, the tumor, starting with glandular projections into the lumen of the endometrial cavity, usually showed well-differentiated glandular structures with distinct lumen formations lined by cylindrical cells (fig. 3a) . The lumina of the neoplastic glands and the interstitial tissue regularly contained numerous leukocytes because of purulent endometritis associated with the tumor growth ( fig. 3b) . In the advanced and final stages, the tumor became increasingly undifferentiated, with large neoplastic cells arranged in broad cords and solid nests showing abundant mitotic figures ( fig. 4a ). Sometimes central necrosis and squamous metaplasia were seen. After extension of the tumor through the uterine wall, the transcoelomic metastases developed various histological pictures: often, more or less disarranged masses of neoplastic epithelial cells were found together with diffuse infiltrates of leukocytes and varied amounts of connective tissue (fig. 4b) . The latter sometimes grew abundantly, resembling sarcomatous neoplastic tissue. In these structures, only a few epithelial cells were found.
Metastases in the lung showed all the structures described above, from welldifferentiated glandular figures with masses of leukocytes in the lumina to completely disarranged solid cell nests.
Besides uterine carcinomas, only four other important diseases of the female Han: Wistar rats were found in more than 10% of our rats. These were adenomas and adenocarcinomas of the anterior lobe of the pituitary gland, seen in 184 rats (60.3%); clinically silent lymphangiomas of the mesenteric lymph nodes, in 132 rats (43.3%); and fibroadenomas of the mammary glands, found in 60 rats (19.7%). Among nontumorous lesions, only glomerulonephritis is of great importance, and less so in females than in males. A total of 89 females (29.2%) showed this disease, 48 (15.7%) in the initial stage, 21 (6.9%) with progressive lesions, and 20 (6.6%) in the final stage of the disease. Table I1 shows the number of rats with uterine adenocarcinomas, the number with adenomas and adenocarcinomas of the pituitary gland, and the number with both lesions. The 3 X 2 table chi-square test showed no correlations between the uterine adenocarcinomas and the above-mentioned diseases.
Discussion
The number of adenocarcinomas of the uterus in Han:Wistar rats was found to be unusually high compared with the findings of others [4, 5, 7, 9, 11, 13, 151 , while the number of other uterine tumors was low, and certainly not higher than in other rat strains and stocks. There are few reports on tumor frequencies above 10.0%. An "especially high incidence" was reported in 16 spontaneous endometrial adenocarcinomas in NIH black (Bethesda black) rats [14] . In our study, the percentage of endometrial adenocarcinomas in virgin Han:Wistar rats was much higher than in the reports cited above. We found this tumor in rats older than 17 months, but most were in rats over 2 years old. In the advanced and final stages, the tumor generally caused death. Initial stages of small nodular processes projecting into the lumen of the uterine cavity were found most often in those rats that had died of septicemia caused by endometritis and pyometra. In cases of purulent inflammation, which is common in old rats [3, lo], the tumor easily can be overlooked when masked by pus filling the distended uterus [8] .
The cause of this tumor is unknown, but its development probably is influenced by hormones, in spite of the observation that hormones alone seem to have little carcinogenic effect on the uterine corpus [ 11. On the other hand, we did not find this tumor in a second study with retired breeding females of the Han:Wistar stock, which are maintained under the same conditions as the virgins [12] . Correlations with other more or less specific lesions of the Han:Wistar rats, especially adenomas and adenocarcinomas of the pituitary gland, did not exist.
A relationship may exist with the purulent infections seen regularly in the tumor tissue, and caused mainly by Escherichia coli 07, which is highly pathogenic in our rat and mouse colonies [16] . It is impossible to decide from our material, however, whether the infections arose before, or were secondary to, the development of the tumors. An essential point in support of the theory that the infections arose earlier is that they often are found without tumor lesions. These inflammatory reactions usually are seen in the glands in cystic hyperplasia of the endometrium, which is a common alteration in Han:Wistar rats over 12 years old, as it is in other rat strains and stocks [ 151. The epithelium of such cystic, purulent, debris-containing glands sometimes was seen to be the origin of the uterine adenocarcinomas.
